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ShAas HLA Is DoD'’s
Technical Architecture
for Modeling & Simulation

Integrated Training Program

* The High Level Architecture (HLA) was approved as DoD’s
technical architecture for modeling and simulation on 10
September 1996

* The HLA is intended to be applied to a variety of kinds of
distributed simulations, among them:

- Analytic
- Human-in-the-loop
- Engineering

* The HLA contains a runtime infrastructure (RTI) component,
which is the chief subject of this briefing

HLARTI 1.0
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DMSO Has Sponsored Development |1
of Several Versions of the RTI :

HLARTI 1.0
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F.O is the “familiarization version” funded by DMSO and
delivered in December 1996

F.0 implements most of the HLA Interface Spec, except:

- Data distribution management
- Advanced federation management, e.g. save and restore

F.0 is designed to run on any IP network and to be ported easily
among Unix boxes

F.0 was designed primarily to be correct, but the need for speed
was not ignored

1.0 completes implementation of Federation Management
services and has improved performance

1.1 implements Data Distribution Management



- —— Tutorial Is Designed to
Help You Understand the
RTI Generally and 1.0 in Particular

Integrated Training Program

* We'll use RTI 1.0 as an example: something concrete makes
explanations easier

 We’'ll try to point out what’s specific to the 1.0 design and
what's inherent in the RTI Interface Specification

e The code examples are from the Java API

HLARTI 1.0
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Some Terminology
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Integrated Training Program

* Federation: a set of simulations intended to play together to
form a larger model or simulation

e Federate: a member of a federation: one simulation

- Could represent one platform, like a cockpit simulator

- Could represent an aggregate, like an entire national simulation of
air traffic flow

* Federation Execution: a session of a federation executing
together

HLARTI 1.0
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Some More Terminology

HLARTI 1.0
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Object: An entity in the domain being simulated by a federation
that

- Is of interest to more than one federate
- Is handled by the Runtime Infrastructure

Interaction: a non-persistent, time-tagged event generated by
one federate and received by others (through RTI)

Attribute: A named datum (defined in Federation Object Model)
associated with each instance of a class of objects

Parameter: A named datum (defined in Federation Object
Model) associated with each instance of a class of interactions
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Rationale for
HLA Design: Composability

* Basic premises
- No single, monolithic simulation can satisfy the needs of all users

- All uses of simulations and useful ways of combining them cannot
be anticipated in advance

- Future technological capabilities and a variety of operating
configurations must be accommodated

 Consequence: Need composable approach to constructing
simulation federations
* Resulting design principles

- Federations of simulations constructed from modular components
with well-defined functionality and interfaces

- Specific simulation functionality separated from general purpose
supporting runtime infrastructure

HLARTI 1.0
Baselin
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T HLA Comprises Three
Components: Rules,
Runtime Infrastructure, Templates
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* HLA Rules: A set of rules which must be followed to achieve
proper interaction of federates during a federation execution.
These describe the responsibilities of federates and of the
runtime infrastructure in HLA federations

* Interface Specification: Definition of the interface services
between the runtime infrastructure and the federates subject to
the HLA

 Object Model Templates: The prescribed common method for
recording the information contained in the required HLA Object
Model for each federation and federate

HLARTI 1.0
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Must Play by the Rules
1. Federations shall have an HLA Federation Object Model (FOM),

HLARTI 1.0
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documented in accordance with the HLA Object Model
Template (OMT)

In a federation, all representation of objects in the FOM shall
be in the federates, not in the runtime infrastructure (RTI)

. During a federation execution, all exchange of FOM data

among federates shall occur via the RTI

During a federation execution, federates shall interact with the
runtime infrastructure (RTI) in accordance with the HLA
Interface specification

. During a federation execution, an attribute of an instance of an

object shall be owned by only one federate at any given time
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Each Federate Must Play By the Rules

HLARTI 1.0
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Federates shall have an HLA Simulation Object Model (SOM),
documented in accordance with the HLA Object Model
Template (OMT)

Federates shall be able to update and/or reflect any attributes
of objects in their SOM and send and/or receive SOM object
Interactions externally, as specified in their SOM

Federates shall be able to transfer and/or accept ownership of
attributes dynamically during a federation execution, as
specified in their SOM

Federates shall be able to vary the conditions (e.qg.,
thresholds) under which they provide updates of attributes of
objects, as specified in their SOM

Federates shall be able to manage local time in a way which
will allow them to coordinate data exchange with other
members of a federation



BMAsaNs Architecture Splits
Functions Between
Simulations and Runtime Infrastructure

Runtime Infrastructure

Integrated Training Program

O, /7.

Participants
Simulation
Surrogate

Interface

Data Collector/
Passive Viewer

Federation Management Declaration Management
Object Management Ownership Management
Time Management Data Distribution Management

HLARTI 1.0
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Provides Six Categories of Services
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Category Functionality
Create and delete federation executions
Federation Management Join and resign federation executions
Control checkpoint, pause, resume,
restart

Establish intent to publish and subscribe

Declaration Management . : : :
to object attributes and interactions

Create and delete object instances

Control attribute and interaction
publication

Create and delete object reflections
Ownership Management Transfer ownership of objects/attributes

Coordinate the advance of logical time
and its relationship to real time

Data Distribution Controls the efficient routing of
Management information between federates

Object Management

Time Management

HLARTI 1.0
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T Categories of Services
Apply to Various Parts of
Federation Execution Lifecycle
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Startup Operations Shutdown

T N T~ /N

Ownership Management

Time Management

Data Distribution Management

Object Management

Declaration Management

Federation Management

T e ———

HLARTI 1.0
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In RTI 1.0, a Federate Process
Contains Federate and RTI Code

Integrated Training Program

H RTI Ambassador J { RTI Ambassador J

Network

HLARTI 1.0

16 Jun 97 14



L Y V [ \F
YIVIN T

Some RTI Services Are
Initiated by Federate, Some by RTI

%4‘\, v ‘»:'. SRS
Integrated Training Program

* Interfaces are method calls on objects (C++, Ada-95, Java)

e Federate-initiated serves are invoked on an instance of
RTlambassador

e RTI-Initiated services are invoked on an instance of
FederateAmbassador

B RTI Ambassador

HLARTI 1.0
Baseline
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In the Beginning,
There’'s an RTI Executive...

HLARTI 1.0
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RTI Executive is a 1.0-supplied
server started by hand

It’s an artifact of 1.0 design, not
Inherent in RTIs

There is usually 1 Executive per
LAN

Executive is a naming service for
federation executions



hhAans A Federate, Acting as a
Federation Execution Manager,
Creates a Federation Execution
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Integrated Training Program

Federate invokes createFederationExecution on its RTI
Ambassador

RTI Ambassador reserves name with RTI Executive
RTI Ambassador spawns FederationExecution process

FederationExecution registers its communication address with
RTI Executive

Federation RTI
Execution Executive

RTI Ambassador

HLARTI 1.0
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Other Federates Join
the Federation Execution

i AN

Integrated Training Program

Another federate invokes joinFederationExecution on its RTI
Ambassador

RTI Ambassador consults RTI Executive for address of
FedEx

RTI Ambassador invokes joinFederationExecution on FedEx

* This arrangement of separate processes for RTlexec and
FedEXx is an 1.0 artifact

Federation RTI
Execution Executive

HLARTI 1.0
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Y [ Federation Object

Model (FOM) Defines
Each Federation’s Realm of Discourse

HLARTI 1.0
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Data passed between federates by the RTI is entirely parametric
to the RTI

This contrasts with DIS, where a new data item means a new
PDU and changes to DIS infrastructure

FOM describes the kinds of things federates will talk about in a
federation including: objects and interactions

FOM is agreed by federation designers before execution

Parts of the FOM are supplied, at execution time, as data to the
RTI

- In 1.0, the FOM data takes the form of <fedexname>.fed, for
“federation execution data”

- File must be stored in a place accessible to each federate; where
federate looks is a configuration item
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FOM Defines Classes of Objects

HLARTI 1.0
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 Each object class specifies the set of attributes for each

instance of that class

* One object class can inherit from another

Aircraft

position
velocity
accel

A

CivilAircraft

<

transponderCode

MilitaryAircraft

20

radarCrossSection
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A Modest Example of
Federation Execution Data (FED)

Integrated Training Program

* The FED contains the RTI-relevant part of the FOM

(fed
(obj ects
(cl ass nol ecul e
(attri bute posn_vel accel FED BEST EFFORT FED TI MESTAMP)
)
(cl ass Manager
(cl ass Federate
(attri bute FederateFederati on FED RELI ABLE FED RECEI VE)

HLARTI 1.0
Baseline
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Interactions
Represent Events in Time

HLARTI 1.0
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An interaction represents an event in time that has no
continuing state, e.g. a change in an ATC clearance or the firing
of a weapon

An interaction does not persist, unlike an object; it occurs at a
specified time

Federations subscribe to classes of interactions. They are then
notified when another federate sends an interaction of that
class

Each interaction class specifies the set of parameters for each
Instance of that class

Like object classes, one interaction class can inherit from
another



ARAan= Object Management:

Creating and Updating Objects, !
Sending and Receiving Interactions L

HLARTI 1.0
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Refers to management of objects in the RTI: instances of
classes defined in the FOM

Federates create and destroy instances dynamically. Instances
have IDs unique across the life of a federation execution

- ObjectlDrange range = rtiamb.requestIiD(1);
- rtiamb.registerObject(moleculeClassHandle, range._first);

RTI signals federate when relevant instances are created by
other federates: creates a reflection

public void discoverObject (

(bj ectI D t he(hj ect,

(bj ect d assHandl e t heChj ect d ass,
Federati onTi ne t heTi ne,

User Suppl i edTag t heTag,

Event Retracti onHandl e t heHandl e)
t hr ows
Coul dNot Di scover,
(bj ect C assNot Known,
| nval i dFeder ati onTi ne,
Feder at el nternal Error;
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Object Management Lets
Federates See Each Other’s Objects

* This is a publish-and-subscribe service
- It’s parameterized by FED at execution time
- Adjusted by each federate dynamically
- It’s subject to time management (about which more later)

HLARTI 1.0
Baseline
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o A Contract for Data
Generation and Reception is

Made Using Declaration Management |} L{

Integrated Tralnlng Program

* To begin receiving updates of an attribute, a federate must
declare its interest in the attribute (It can also declare the end of

Its interest)
* Applies as well to classes of interactions

e The RTI uses that information to tell producing federates
whether to bother updating an attribute or producing
Interactions of a given class

HLARTI 1.0
Baseline

25



hAhdaN
YIVIZN T

Example: Publish
and Subscribe a Class

HLARTI 1.0
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 “Publish” says the federate intends to create instances of the
class and update attributes of those instances.

 “Subscribe” says the federate desires to reflect some
attributes of the class.

* In the example below, the federate publishes and subscribes
the same attribute of the same class: it’s making some
molecules and reflecting others.

(bj ect d assHandl e nol ecul e assHandl e =
rtianb. get Qbj ect G assHandl e(" nol ecul ") ;
Attri but eHandl e nol ecul ePVAhandl e =
rtianb. get Attri buteHandl e("posn_vel accel ",
nol ecul e assHandl e) ;
Attri but eHandl eSet nol ecul eAttrSet = AHset Factory.create();
nol ecul eAttr Set . add( nol ecul ePVAhandl e) ;
rtianb. subscri beCbj ect G assAttri but e(nol ecul ed assHandl e,
nol ecul eAttr Set) ;
rtianb. publishCbj ectd ass(nol ecul eC assHandl e, nol ecul eAttr Set);
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Insulates Federates From FOM Changes &
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* |f afederate subscribes to attributes of “Aircraft” it will reflect
those attributes of any subclasses

* Therefore FOMs can be extended (subclassed) without
unconcerned federates having to change

Aircraft

position
velocity
accel

N K

CivilAircraft MilitaryAircraft
radarCrossSection

transponderCode

HLARTI 1.0
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ShAaNs Exchanging Data with
Other Federates Means
Updating and Reflecting Attributes
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 Update an attribute of a registered object:
ahvp. enpty();
ahvp. add( nol ecul ePVAhandl e, soneData, 0, soneData.length);
Event Retracti onHandl e erh = rtianb. updat eAttri but eVal ues(
obj ectld, ahvp, lastGantedTi ne + | ookahead, userTag);

* Receive (“reflect”) an update on a federate ambassador:
public void reflectAttributeVal ues (

Qoj ectI D t he(bj ect,
Attri but eHandl eVal uePairSet theAttri butes,
Federati onTi ne t heTi ne,
User Suppl i edTag t heTag,
Event Ret racti onHandl e t heHandl e)

t hr ows

bj ect Not Known,

At t ri but eNot Known,

| nval i dFeder ati onTi ne,
Feder at el nternal Error;

HLARTI 1.0
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" Transport for Attribute
Updates and Interactions
IS Either Reliable or Best-Effort

Integrated Training Program

Federation
Execution

Fed Ex is the RTI 1.0 exploder
for all reliable comm: TCP/IP streams

Best-effort traffic via IP multicast

HLA RTI 1.0

6 9 29
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Asynchronous Messaging Is
Fundamental to RTI Designs
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* RTI 1.0 uses the following for portability:
- TCP/IP with exploder for reliable traffic

- Multicast IP with a single group per federation execution for best-
effort

- 1.0 internally is scrupulous about network byte ordering

- Consequently C++, Ada and Java implementations of 1.0
interoperate

e This pattern of communication is fundamental to RTIs, not an
artifact of 1.0

- Reliable, one-way, one-to-many
- As an accommodation: best-effort, one-way, one-to-many
» Efficiency here is a limiting factor for an entire RTI

HLARTI 1.0
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hhAans Time Management
Seeks to Synchronize
the Logical Time of Federates
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* Events have associated times:
- Registration and deletion of objects
- Update of attributes
- Sending of interactions

e Fundamental problem is to ensure that either:
- No federate receives an event in its past (conservative approach) or

- A federate that has computed into the future, when it receives an
event in its past that invalidates its state, has the information
necessary to roll back to the time of the event (optimistic approach)

HLARTI 1.0
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Time Management (Concluded)

 Another approach, used in “real-time” simulations a la DIS, is to
Ignore time management and deem events to occur when they
are perceived

- Federate’s time is computed from its host wall clock
- This cannot guarantee strict causality

- If latencies on the delivery of events are bounded, this may be good
enough for human perception

* The Interface Specification characterizes time management by
two Boolean “switches” set by each federate:

- Time-regulating
- Time-constrained

HLARTI 1.0
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e — Time Management
Seeks to Accommodate Variety
of Schemes in a Single Federation

Time-Regulating

true false
Viewer or Federation
o | Strictly Time-Synchronized: Management Tool:
k> > conservative (ALSP) and stays synchronized to
= - aggresive (Time Warp) federation, but generates
© no events
»
c
O
@ :
) Externally Synchronized
g 4 Unconstrained (DIS) Simulation:
= » operating with no time management
i conservative federates from RTI's standpoint
(DIS)

HLARTI 1.0
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LAsaNs Main Loop for a
Time-Stepped, Conservative Federate
Exemplifies the Other Schemes

doubl e |l ast G antedTine, tineStep;
rtianb. set Ti neConstrai ned(true);
rtianb. set Lookahead(ti neSt ep);
/I synchronize with rest of federation execution
| ast G antedTine = rtianb. turnRegul ati onOnNow() ;
whil e (sinulationContinues) {

[/ conpute sinulation state at |astG antedTi ne

/lask RTlI for perm ssion to nove cl ock ahead
rtianb. ti mneAdvanceRequest (| ast G ant edTi ne +
timeStep);

/I RTI delivers events up to requested tine
/[/when it's safe, RTlI invokes tineAdvanceG ant
| ast G antedTinme = tineBarrier.awai tGant ();
//federate logical tinme is now | ast G ant edTi ne
// conpute new state, generating events at
/[/lastGantedTinme + tinmeStep or |ater

HLARTI 1.0
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BMAsaNs Main Loop for an
Event-Stepped, Conservative

Federate Resembles Time-Stepped Case |} L

Integrated Training Program

doubl e | ast G ant edTi ne, | ookahead,;
rtianb. set Ti neConstrai ned(true);
rtianb. set Lookahead(| ookahead) ;
/I synchronize with rest of federation execution
| ast G antedTine = rtianb. turnRegul ati onOnNow() ;
whil e (sinulationContinues) {

[/ conpute sinulation state at |astG antedTi ne

/lask RTlI for perm ssion to nove cl ock ahead

rtianb. next Event Request (ti mneOF Next | nt er nal Event) ;

/I RTI delivers earliest external event before requested tine
//then RTI invokes tineAdvanceG ant to tine of event

| ast G antedTine = tineBarrier.awai tGant();

//federate logical tinme is now | ast G ant edTi ne

[11f lastGantedTine < ti meO Next | nternal Event, there were
/I no external events pending

// conpute new state, generating events at

/'l ast G ant edTi me + | ookahead or | ater

HLARTI 1.0
Baseline
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* Externally synchronized federates have time-constrained and
time-regulating switches off (the default)
* It's good form for such a federate to make periodic
timeAdvanceRequests
- Presumably the federate is constrained by its wall clock
- The federate’s RTI Ambassador grants the request immediately

HLARTI 1.0
Baseline
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Optimistic Federates Must Be
Ready to Retract Their Events
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 An optimistic federate turns time-regulating and time-
constrained on. The optimistic federate invokes
FlushQueueRequest, is given all pending events, and is granted
to latest safe time

e Each time the federate creates an event (creates or destroys an
object, updates an attribute, sends an interaction), it receives
from its RTI ambassador an EventRetractionHandle

- Federate must remember the retraction handles

- If an event arrives in the federate’s past causing it to roll back, it
must invoke rtiamb.retract(EventRetractionHandle)

- Any RTI Ambassador that has delivered the event to its federate will
invoke reflectRetraction(ERH) on its Federate Ambassador

HLARTI 1.0
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and Interactions Bypass the
RTI Ambassador Time Queues

HLARTI 1.0
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Attributes and interactions can be designated as receive-order,
FED RECEIVE,in the FED, rather than time-stamp-order,
FED TIMESTAMP.

Receive-order attributes and interactions are delivered
Immediately by the RTI Ambassador to the federate,
iIrrespective of the federate’s value of local time.

A federate operating with “time regulating” off will send all its
attribute updates and interactions in receive order, irrespective
of the FED specification.

A federate operating with “time constrained” off will treat all
arriving attribute updates and interactions as receive-order,
Irrespective of the sending federate’s specification.



ARAav= Ownership Management
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Allows Shared Responsibility
for Simulating an Object

HLARTI 1.0
Baseline
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Each attribute of each object has an owner: the owner is the
federate responsible for updating that attribute

Different attributes of the same object may have different
owners. One federate is updating an aircraft’s position; another
federate, subscribing to the position, is updating icing

“Privilege to delete” an object is an attribute owned by some
federate

Ownership can change: responsibility for updating an attribute
can pass from one federate to another. E.g., an aircraft
modeled in an aggregate simulation could transfer ownership
of the position attribute to a cockpit

Ownership exchange may be pushed or pulled
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Ownership May Be
Pushed to Another Federate
4 aa
Integrated Training Program
ederate wishing to Federate accepting
give up ownership ownership
I
step 1 step 3 step2 | step 3
Request Request Request | Attribute
Attribute Attribute Attribute | Ownership
Ownership Ownership Ownership I Acquisition
Divestiture Notification Assumption I Notification
(service 5.1) (service 5.3) (service 5.2) | (service 5.4)
I
|
Y Y

HLA Runtime Infrastructure

HLARTI 1.0
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Ownership May Be
Pulled from Another Federate
ederate W|sh|ng m
take ownershlp
I
step 1 step 3 step2 |
Request Attribute Request |
Attribute Ownership Attribute |
Ownership Acquisition Ownership I
Acquisition Notification Release I
(service 5.5) (service 5.4) (service 5.6) |
I
|
Y Y

HLA Runtime Infrastructure

HLARTI 1.0
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SMS= Management Object Model (MOM)
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Exploits RTI for Management
of Federation Execution

HLARTI 1.0
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Federation Executions are managed by a combination of
Federate- and RTI-supplied information

This information can be structured using the same tools used
for simulation data

The MOM defines classes and interactions related to federation
management just as the FOM defines classes and interactions

In the simulation domain
A manager federate can
- Monitor and control aspects of the federation through the MOM

- Subscribe to MOM object classes and interactions exactly as it
would to parts of any FOM

The RTI-supplied aspects of the MOM will be standardized
Federate-supplied MOM data depends on the federation needs



hAdaN—

T MOM Data Must Be
Included in Any FED File
(fed
(obj ects

(cl ass nol ecul e
(attribute posn_vel accel
)

(cl ass Manager
(class Federate

(attribute FederateTine
(attribute Ti meConstrai ned
(attribute TinmeRegul ating
(attribute FIFQ ength
(attribute TSA ength

FED _REL| ABLE
FED RELI ABLE
FED RELI ABLE
FED _REL| ABLE
FED RELI ABLE

(attribute Total Obj ect Count FED RELI ABLE

HLARTI 1.0
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FED BEST EFFORT FED Tl MESTAWP)

An object of this class is created
-— each time afederate joins

FED RECEI VE)
FED RECEI VE)
FED RECEI VE)
FED RECEI VE)
FED RECEI VE)
FED RECEI VE)

. gl i
ML

Integrated Training Program

Manager federate
can subscribe
to these attributes
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TIVIN= Interactions to Control
the Federation Execution
(fed
(obj ects

)

(i nteractions
(cl ass Manager FED RELI ABLE FED RECEI VE
(cl ass Federate FED RELI ABLE FED RECEI VE

(class Action FED RELI ABLE FED RECEI VE
(par anet er ToFeder at e)

(class SetTim ng FED RELI ABLE FED_RECEI VE
(par anet er FedReport Peri od)
(paraneter Ti neReport Peri od)
(par anet er (Cbj ect Report Peri od)

" L
é‘ h
RV

Integrated Training Program

By sending interactions

) with values for these parameters,
) manager federates can change
) behavior of another portion of the

) RTI

HLARTI 1.0
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ARAan= “Process Model” Refers

to the Way Threads of Control
Interact Between Federate and RTI

HLARTI 1.0
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The process model of an RTI is not defined by the Interface
Specification and could vary widely

A design requirement of 1.0 is that it support a strictly single-
threaded federate

RTI Ambassador is in the federate’s process space; in a single-
threaded language, it gets no thread of control unless federate
gives it one

Federate calls rtiamb.tick() periodically to allow RTI

Ambassador to read its sockets and to initiate callbacks on the
Federate Ambassador

Federate is prevented from calling the RTI Ambassador
recursively from a callback (in most instances)

The Java RTIl reads its own sockets and initiates its own
callbacks under federate control
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Updating the
Attributes of an Object
Integrated Training Program
1 Is this object known to the RTI? 7 Find ordering category and assign
2 Has the class been published? to each attribute.
3 Are all the attributes owned? 8 If regulation off, then force ordering
4 Is the time valid? cat_egory to arrival order.
. 9 Write best-effort attributes to the IP
5 Create aretraction handle and

multicast group assigned for the
federation execution.

10 Send reliable attributes to the
federation execution exploder.

return the service call.

6 Assign desired transportation
category to each attribute.

i RTI Ambassador RTI Ambassador

Network

HLARTI 1.0
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Recelving
Attributes of an Object
Integrated Training Program
1 Accept anew message from 4 If registered object class is not a
either the IP multicast group or subclass subscribed to by the
the federation execution federate, then discard the update.
exploder. 5 Promote the registered class to a
2 If the update is TSO then place in represented class and remove any
the TSO queue; else place in the inappropriate attributes.
FIFO queue. 6 If the object is not known to the
3 Atright time, remove appropriate federate, then discover the object.
messages from the queues. 7 Provide attributes to the federate.

RTI Ambassador RTI Ambassador I

Network

HLARTI 1.0
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For Further Information...

* Main HLA Web page:
http://www.dmso.mil/projects/hla/

HLA Overview Briefing (Annotated)
AMG Briefings

Time Management paper

Data Distribution Management paper
Related SIW publications

Dr. Kaminski’'s HLA mandate memo
RTI software request form

e Send comments or questions to:
hla @dmso.mil

HLARTI 1.0
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